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PART I

PART I HISTORICAL
I OCCURxRENCE AND PREPARATION
Llannite, 0^H,.0^, or hexanhexol, was discovered hy Troist
5 J 4 6
in i8j6 while investigating the sugar from fruit, honey, and sugar
cane. He extracted honey with hot alcohol and from this solution a
very white, fluffy, crystalline substance separated. He ccn'sic'ei'ed
this" to be a new sugar and termed it manna. No mention of an analy-
sis was made. The substance which Proust called manna was later
found to he very widely distributed in the plant kingdom. Vttgel and
Hubner (M. Jour, fttr Ghem. u. Phys. 7, 365, \82'- or 25): Berz. Jahr-
(=*sbor. 4, 195, IS25) reported the discovery of "manna-zftcker" in
celery leaves.
The earliest chemical analysis of this new substance ap-
parently was made by Th. de Saussure before ] 827 . His analytical
data are quoted by Oppermann (183 1) but no reference was given. V/m.
Prout, hov/ever, giving an analysis of "sucre de manna" (Ann. chim.
phys. (2), 36_, 374, (1827)) states that his values vary considerably
from Saussure 's which gives the latter the prior claim as analyst.
The first use of the' term mannite for the substance pre-
viously called manna seem.s to have been in J 83 1; in that year anal-
yses were published by Henry and Plisson (J. pharm. jJ7, 448 (133 1),
and also by Oppermann working under Liebig's directions. (Geiger
and Liebie's Mag. 35, 232, (1851)); Pharm. Centr 1352, part J, p. 23;
and Berz. |_2, 223, (J833). Oppermann described the substance analyzec
as white, shin;^-, needle shaped crystals possessing "all the proper-
ties which characterize pure mannite." The next analysis to be found
".vas that by J. SterJiouse (1845) in an investigation on the occurrence
of manite in the Laminaria aaccharina and other sea weeds (idem.

2Chem. 3oc. 2, J36, {1345). The results of the various analyses may
be seen in the following table:
^ Carbon ^ Hydrogen /o oxygen
A 70 Q 1 trcs +rlXxCbX V u
38 . 53 7 . 87 c CCS Dei ore j o<i
'
33.70 6.31 54.49 1827 Prout
3S .77 8.49 52.74 183 J Henry and Plisson
40 . 54 7.79 51 .67 1831 Oppermann
59.78 7.67 52.25 1345 Stenhouse
39 . 53 7.75 52.-^2 (Theoretical
)
Numerous investigations up to the present time have proven
the very great abundance of mannite in nature but the manna ash
(Fraxinus ornus and Fraxinus rotundfalia) is practically its sole
coimnercial source. This, rnanna ash, a small tree, is cultivated very
extensively in Sicily and Calabria. It is incised in its tenth year
and yearly for the succeeding ten to fifteen years. The mannite
seems to occur in the rising sap before this reaches the leaves and
it is the opinion of some that it is produced by enzyme action. Ac-
cording to Molinari (Uen. and Ind. Chem. p. 139) one hectare (approx
imately 2 I /2 acres) with 4500 trees yields as much as 100 kilos of
manna per annum. Sicily's production, which represents nearly that
of the world, was 2250 tons in 1908. About 150 tons of this were
extracted for mannite. Y/hen freshly prepared, manna has a sweet
taste and is used to some extent as food.
The composition of manna will necessarily vary with its
course, but the crude commercial product has approximately the fol-
lowing com.position(Molinari
,
p. J 89):

312-13^ water
IO-15fc sugar 1^^^^^^^^. 3^
32-42^ mannite
4:0-41^. mucilaginous substances
1-2% organic acids and nitrogenous matter
]-2% insoluble substances
1-2^ ash
The mannite is extracted from the dried sap either by boil-
ing with alcohol or water. The solution is decolorized by repeated
treatment with charcoal and the crystalline mannite purified by re-
crystallization.
Mannite has also been prepared synthetically by the reduc-
tion of raannose and fructose with sodium amalgam.
II PHYSICAL PROPERTIES
Density . - The first determination of the density of mannite
apparently was made in 1376 by Krusemann (Ber. 9^, 1468) in connec-
tion with his sugar reduction investigations. The results obtained
using the purified crystalline substance were J .4589 at 0° and
1.3938 at 50°C, The coefficient of expansion was given as 0.046.
The following year Prunier (Bull. Soc. Chim. Paris, 28_, 556,
(1877)) investigated this property and found it to be I. 5 J at J3°C.
He employed the specific gravity flask with ether as the liquid.
In 1879, SchrBder (Ber J_2, 562) made several determinations
of the density of mannite in the form of coarse crystals and as a
fine poY/der . He employed the well known displacement method, using
benzene as the contact liquid. Various difficulties were encountered
in the determination. If coarse crystals were employed the enclosed
cavities would result in a different density than when the powdered

4form 7;as used. It was very difficult to thoroughly wet the powdersd
crystals and in either case the complete elimination of air "bubbles
required a long period of stirring. The results of his inves tic!;atior|^
are: for the powdered form ("Karlsruher" ) I.-489; (Kahlbaum) 1.485;
for crystals (Kahlbaum) 1.486. He considered the values correct to
the third place. The densities are referred to water at 4°C but the
temperature was not stated in the article.
Meltin?y Point » - The melting point of mannite has been deteijj-
rained by several investigators. The most extensive set of deter-
minations were mad© by Landolt (Physik Chem. 4, 366, (1889)). His
investigations were made on Kahlbaum* s crystalline product using
varying amounts of material. In the first experiment 620 grams of
mannite were heated to 170° in a copper cylinder surrounded by heat
insulating material and closed by a cork diak carrying 5 thermometers
The contents were stirred for a short time and the temperature ob-
served on all thermometers for I hour and 40 minutes. A period of
constant tem.perature was observed on each thermometer, but this peri-
od was not equally long for each thermometer due to unequal cooling
in the large mass. The average corrected temperatures of the five
thermometers for the period of practically constant temperature re-
sulted in the value of 165.69°C. In experiments using 20 grams of
material in a test tube provided with a stirrer and surrounded by a
glycerin bath, the corrected melting point was found to be 165.73 and
the freezing point 165.64°C. He also employed a rather unique elec-
tric method. Two platinum wires, part of a circuit including a
source of current and a bell, were coated with melted mannite and
placed in a mercury bath whose temperature could be easily controlled
and observed. At a sufficiently high temperature the mannite m.elted,

5closing the circuit and consequently ringing the bell. The observed
temperature at that moment was the apparent melting point. In a
glass jacketed arranrrement designed to avoid stem corrections the
values 166.97° and 167.04° were obtained. An arrangement involving
a correction for stem exposure gave I65.77°C. The thermometers
used were graduated from 0-360° in whole and half degree divisions.
A telescope with micrometer attachment made the reading to .01°
possible
.
Other investigators of the melting point with their re-
sults are: 166° Krofft and Dyes.Ber. 28_, 2533 (1895); J66° (freez-
ing point I62°C); Favre, Ann. Chim. Phys. (3) 7 1 , (1844); 166°
Gtohmann and Langbein, J. Prakt. Ghem. (2), 45, 305, 1 892.
Boiling Point - The effect of heating mannite to tempera-
tures considerably above its melting point has been studied by M.
Berthelot (Ann. Chim. Phys. (3) 47, 302, (IS5S) and by Krofft and
Dyes. (Ber. 23_, 2533, (1.395)). Llannite melts to a colorless liquid
and on continued heating at temperatures near 200° a portion sub-
limes. Above that temperature, water is driven off forming manni-
tan, GgHjgOg, and mannide, CgHjQO^. Berthelot found that when the
sublimed portion was dissolved in water it showed the com.mon prop-
erties of mannite. It was observed that mannite could be heated in
a closed tube to 250°C without much change, but that at a still
higher temperature it puffed up and charred.
Krofft and Dyes obtained the following results for the
boiling point of mannite under reduced pressure; 276-230° at ) ra.m.;
235° at 2.5 m.m. ; and 290-295°C at 3-3.5 m.m.
Solubility . - Investigations of the solubility of mannite
in the common solvents showed that it is very soluble in water, only

6slightly soluble in alcohol, and insoluble in ether. The results
of solubility determinations by various investigators are given
below
:
Solvent Temp. Grams Grams
°G Solvent Mannite
Investigator Reference
water l4o 100 J 2.
8
H. D. Kruseraann Ber. 9, 1467,
( I876T.
" 16° 100 16.0 Wanlclyn-Erlenmeyer J. Prakt. Chem.
83, 297, (J 863).
" 18° 100 15.6 M. Berthelot Ann. Ghim. Phys.
" 23° 100 18.5 M. Berthelot 11 It II
(3),47,301 , (1356;
" 240.5 100 20.96
>
Findlay J. Chem. Soc. 81,
J 2 19, (1902).
" 350.3 ,100 29.93 Findlay J. Chem. Soc.
31, 1219, (J 902).
" 50°. 8 100 46.69 Findlay J. Chem. Soc. 81,
1219, (1902).
alcohol )
d. 0.3935) 15° 100 1.2 M. Berthelot Ann. Chim. Phys.
(3) 47,301..
alcohol )
absolute) 14° 100 0.07 M. Berthelot Ann. Ghim. Phys.
(3), 47, 301.'
Specific Heat.- The specific heat of mannite has been de-
termined by three investigators employing two somewhat different
methods
.
Hermann Kapp (Ann. Chem. Sup. Ill, 334, ( J365) ) and Phil.
Trans. London, i 55 I, 71 (1865)) obtained the value 0.324 calories
per gram for a temperature range of 0-100°C. He employed the common
method of observing the heat effect produced when a known quantity of
the solid, covered by a liquid in which it is not soluble, is heated
to a definite temperature and then immersed in the liquid of a calo-
rimeter.

Essentially the same procedure was followed "by M. W. Lougui-
nine (Ann. Chim. Phys. 27, 144, (J892)). Seven to eight grains of
mannite were introduced into a thin brass oval container and heated
for an hour at 100°. This period of heating was found necessary to
insure uniform temperature throughout the material since mannite is
a poor conductor of heat. The oval was then quickly dropped into a
calorimeter and the temperature rise observed. The average of five
determinations is 0.3277 calories for 100-23°.
W. F. Magie (Phys. Rev. J4, 193 (1902) and r7, JOS, (.1903))
determined the specific heat for a relatively short temperature
range. His apparatus was originally designed for very accurate
measurements of the specific heat of solutions but it was found quite
suitable for that of solid substances. Two exactly similar calo-
rimeters each of about one liter capacity were filled so that the
heat capacities of the two were very nearly equal; the one with a
standard or reference liquid and the other with the solid substance
and reference liquid. The vessels were heated by passing the same
current through coils of equal resistance for a period such that the
initial and final temperatures were equally removed from that of the
room. The stirring mechanism was designed to produce equal agita-
tion of the contents in the two calorimeters. A very high degree of
accuracy was obtained in the case of solutions, but he considers his
value for mannite subject to an error of 2-3^. This is attributed
to the fact that the mannite formed a crust-like layer on the inner
surface of the vessel, thus making uniform heating impossible. The
specific heat of mannite was determined in aniline over the range of
14-26° and found to be 0.3 15 calories.
Heat of Combustion.- The heat of combustion was determined

by Barthelot and Vieille (Ann. Chim. Fhys . (6), J_0, 456 (188?)) by
electrically igniting the material in an atmosphere of oxygen under
high pressure. Stohmann and Langhein made two series of determin-
ations (J. Prakt. Chem. (2), 3J_, 29 1, (J885) and (2), 45 305, (1892))
The last series was made on mannite recrystallized from alcohol sev^
eral times, and in a calorimeter designed for very accurate work.
The results obtained are:
Berthelot and Vieille Stohmann and Langhein
(1837) (1385) (1892)
3.9997 Cal.per gram 3.949 Cal.per gram 3,9959
3.9928 3.922 4.0046
4.01. JO 3.948 3.9944
Avg. 4.0012 3.947 3.9982
5.940 5.996
1
Avg. 3.941 Avg. 3.9978
Specific Rotati on. - Very few determinations of the spe-
cific rotation on aqueous solutions of pure marinite have been made,
although the literature contains the results of many measurements
on aqueous solutions of mannite and some other constituent as borax,
boric acid, sodium hydroxide, etc. This may be due in part to the
fact that until recently polariscopes have not possessed the degree
of sensitiveness required for substances exhibiting a very feeble
power to rotate the plane of polarized light.
G. Bouchardat (Compt. Rend. 76, J 550 (1873)) investigated
the optical rotatory power with the most perfect polariscope of that
time. He found that an aqueous solution of mannite did not deviate
the plane so much as 0.2° which was the smallest amount capable of
being measured. Mannite was, therefore, still classed among the

9substances inactive to polarized light up to 1874. In that year L.
Vignon (Cornpt. Rend. r7, I 19 J, (1874)) claimed to have proved that
mannite is an active compound by addition of borax to a mannite so-
lution. Borax and boric acid were known to possess the peculiar
property of increasing the rotary power of substances like malic and
tartaric acids. The action on mannite solutions was found to be com-
pletely analagous, and the rotation of the resulting solution was in-
creased sufficiently to make the dextro-rotatory action easily
measureable. He was unable to detect deviation of the plane by an
aqueous solution of pure mannite or by a borax solution and assured
himself that the added substance did not combine with mannite but
possessed the "special" power of augmenting the activity.
Better evidence of the optical activity of mannite was pub-
lished the following year by G. Bouchardat (Compt. Rend. 30_, 122,
(1875)). He recognized the limitations of the apparatus then in gen-
eral use for polarimetric measurements and, consequently, modified
it with a view of obtaining a high degree of accuracy. A tube three
meters long was employed and the common sodium light was replaced by
that produced by a jet of hydrogen gas directed upon a globule of
metallic sodium maintained at a sufficiently high temperature by an
alcohol lamp. The observed rotation was (?( )^) - -U.15.
L. Vignon, (Ann. Chim. Phys. (5) 2, 440, (1875)) again
studied this property of mannite in water solutions and found the
following values: (<x;)j^ = 0.204°, 0.260°, 0.232°. Each of these is
an average of ten readings.
In 1876 Uttntz and Aubin (Compt. rend. 83^ 1213) investigated
the optical activity of mannite obtained by the reduction of inactive
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glucose. .Their result is expressed in saccharimeter units and is
-0.2.
A review of the literature shov/.ed no later measurements on
aqueous solutions of pure mannite.

PART II

i 1
I PURIFICATION OF MANNITE
To ascertain the number of recrystallizations of commercial
mannite necessary to yield a pure product, an investigation was con-
ducted with the melting point as a criterion of purity. Two methods
were employed in purifying the material.
In the one, coinmercial mannite v/as dissolved in distilled
water near the boiling point in such quantity that an almost satu-
rated solution for that temperature was obtained. This solution was
filtered to rer.ove suspended impurities which were present in con-
siderable quantity, allowed to cool to about 40°C., and alcohol then
added to reduce the solubility. A large mass of very fine, glisten-
ing white crystals were deposited. They were freed from liquid as
completely as possible on a large suction filter plate, and then
dried in an electric oven for several hours at a temperature of I JO-
I20°C. The second crystallization was made by dissolving the crys-
tals, from which the mother liquor had been removed, in purs hot
water, allowing the solution to cool, and then adding alcohol. The
procedure for the third and fourth crystallizations was exactly the
same
.
The second method was employed to determine whether crystal-
lization from a dilute alcohol solution would produce as pure a sub-
stance as that from water alone. A quantity of mannite was recrys-
tallized four times in precisely the same v/ay as described except
that no alcohol was added, and in filtering the fourth crystalli-
zation, no filter paper v;as used. The portion of each crystallizatio
.
saved for analysis was dried in the manner stated above.
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II MELTING POINT
The thermometer employed for the melting point determination
was a special mercurial instrument with the space above the mercury
filled with nitrogen. Its total length was 70 centimeters and its
diameter 0.7 cm. The graduations were ruled directly on the stem in
0.10° divisions. It was graduated from 86° to SOSOQ over a length
of 61 cm. The mercury bulb was 4.5 cm. long.
The equilibrium mixture of mannite crystals and liquid was
contained in a Dewar tube, the inside dimensions of which ^vere 2.5 x
9 cm. It was closed by a cork covered with tin foil. A small glass
rod with a loop at one" end was used to stir the mixture.
In the first determinations made, the mannite was melted
in an electric oven at 130-185°. More than two hours were required
to melt the quantity of material necessary. Mannite is such an ex-
tremely poor conductor of heat that fusion by this method requires
an undue length of time. To hasten this part of the procedure, the
mannite in determinations whose results are given below was heated
very carefully in a casserole over a gas flame and stirred continual-
ly. It was found impossible to obtain a perfectly clear liquid by
either method of fusion. The slight brown color seems to indicate
that carbonization occurs to a very limited extent. This was at
first thought due to the presence of very fine shreds of filter paper
but the same color was observed in fused material with which special
precautions had been taken to avoid contamination from that source.
Before pouring the melted mannite into the Dewar tube, the
latter was always heated for several minutes in an oven at a tempera^
cure near that of the liquid. The thermometer also was heated be-
fore introducing into the liquid. The initial temperature of the
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melted naterial was usually near I750C. This was reduced to about
170° by rapid stirring, and pure crystals were then added. The mix-
ture quickly assumed a temperature near the melting point. The
thick mixture was slowly stirred and a constant temperature for 10-
15 minutes was observed in each case. The temperature was read with
the aid of a reading glass to 0.01°.
The correction for emergent stem was of considerable magni-
tude due to the high temperature of the bulb and the relatively
long mercury thread exposed. To determine the mean stem temperature
as accurately as possible, three small thermometers were hung at
proper intervals along the stem of the thermometer. In applying the
correction, the average temperature of the three was taken. The
variation in stem temperature with the distance above the source of
heat may be judged from the following typical readings of the auxil-
iary thermometers, 30°, 27° and 26.1°. These figures emphasize the
necessity of employing more than one auxiliary thermometer in cases
where long stem exposures can not be avoided.
The method of determining the stem correction is most easi-
ly explained by an illustration v/ith actual data. The correction =
K X n(T° - to) (See B. S. Circular No. 8). K, the factor for rela-
tive expansion of mercury in glass = 0.000153 for the thermometer
employed, n, the number of degrees emergent from the bath = 74.5°
T, the temperature of the bath, i.e. observed melting point = J64.40«
t, the mean temperature of the emergent stem = 25.8°. Correction =
0.000158 x 74.5 (164.40 - 28.5) = 1.63°. By inserting the corrected
temperature for the observed value, a more exact correction is ob-
tained. Correction = 0.000158 x 74.5 (166.03 - 28.5) = 1.65°. The
corrected temperature is, therefore, 164.40 + 1.65 = 166. 05°C.
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The melting point of the original coimnercial mannits, the
first, second, and third crystallizations from alcohol solutions,
and the fourth crystallization from water solution was determined
with the following results.
Mannite Melting Point
Original material 165.10
First crystallization 165.84
Second crystallization J.66.05
Third crystallization 166.05
Fourth crystallization (from water solution) 166.05
The second, third, and fourth determination given in the
table was made on samples purified by Mr. C. Scholl in the manner
described above. He also made determinations on the first four sam-
ples with essentially the sam.e result as here given.
It is evident from the above data that two crystallizations
of the commercial mannite are necessary, as jvell as sufficient, for
the production of pure material, and that properly dried samples
from dilute alcohol solutions are as pure as those obtained from
water solutions.
Ill SPECIFIC ROTATION
The specific rotation of aqueous solutions of pure mannite
was made the subject of investigation since its value had not pre-
viously been determined with the degree of accuracy which is now ob-
tainable .
It was at first thought advisable to fuse the purified man-
nite taken for the determination to completely eliminate all traces
of jioisture. This was done and the solidified liquid was powdered.

15
Solutions of this material possessed a slight brown color which made
sufficient illumination of the tube contents impossible. Therefore,
samples which had been well dried but not fused were used in pre-
paring the solutions,
A weighed quantity of mannite was dissolved in distilled
water and the solution made up to a definite volume at a known tem-
perature. Mr. Scholl, who also investirated the specific rotation
of mannite, determined the density of the solutions with a pyknome-
ter. Although the latter method is the more correct one, the error
introduced by employing the former method is negligible in compa-ri-
son with that of reading the instrument. Since a perfectly clear so
lution is required for the highest accuracy, it was found necessary
to filter the solution through hard filter paper. To avoid a change
of concentration during this operation, the solution was first coolec
to the proper temperature.
Since mannite has an exceedingly small specific rotation,
a very sensitive instrument must be employed for an accurature de-
termination. The polariraeter used was a triple field Schmidt and
Haensch instrumented fitted with a water .jacketed tube 100 cm. long.
The solution under examination was kept at 25°C. A quartz mercury
vapor lamp furnished the light which was further purified by passing
it through a spectroscope. The green mercury E-line was employed.
25°
The specific rotation was found to be = 0.244° which
agrees very well with the values 0.244 and 0.245° obtained by Mr.
Scholl.
To convert the value referred to the green line of incan-
descent mercury vapor to that for the sodium D line, it is only neces-
sary to multiply by 0.850944 (See B. S. Reprint No. 34, Vol. 2, No.
2

J 6
giving = 0.244 x 0.350944 = 0.208°.
IV SOLUBILITY OF MANNITE IN WATER
The solubility of mannite in water was investigated at a
number of temperatures between and lOOoC. The freezing point low-
ering and the autectic temperature of the aqueous solutions were
also determined. The general method of procedure was briefly as
follows: A mixture of mannite crystals and solution was thoroughly
stirred in a Dev/ar tube. After the attainment of equilibrium as
indicated by a constant temperature for a sufficiently long period,
a sample of the solution was withdrawn from the mixture through a
filtering medium and its composition determined with the aid of an
interferometer.
Three different thermometers were employed for the various
temperatures. For temperatures near and below zero, a Beckmann
thermometer was used; at 25° a standard Baudin thermometer; while
for the range of 50-100°, a standardized instrument graduated be-
tween 50 and J 10° in 0.05° divisions was employed.
The Beckmann had not previously been standardized. To ac-
complish this, the instrument was first "set" with the zero reading
near the upper end of the scale, and kept in an ice bath for several
days. It was then compared with a standard thermometer at points
near the two limits of the scale by immersing the two thermometers
side by side in a mechanically stirred mush of ice and water, in a
Dewar tube. This tube was completely filled and the position of the
thermometers was so adjusted that the mercury columns just appeared
over the edge of the Dewar. The lower temperature was attained by
the addition of alcohol to the mixture. The readings were made to
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O.OOJo by the aid of a telescope equipped with a vernier. The cali-
bration corrections were determined by comparing the length of a
suitably chosen mercury thread in different parts of the scale. The
calibration corrections thus determined for the Beckmann thermometer
{K.J2) are given below:
Observed Reading Correction
5.720O +0.000
5.256 +0.000
4.793 -0.00!
4.337 -0.009
3.875 -O.OiJ
3.406 -0.006
2.937 -O.OOJ
2.474 -0.002
2.0)3 -0.005
1 . 549 -0.005
J .034 -0.004
0.6 J 9 -0.003
O.J 52 +0 . 000
Comparison of the Beckman thermometer with a standard Baudin ther-
mometer
.
Reading of the Standiard Reading of the Beckmann
+0.004° 5.305
+0.050 (cor)
+0.054
-5.200 0.620
+0.078 (cor) 5. J85»
-5. 122
5. 176° JO Beckmann = 0.998° Standard
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In addition to the corrections thus determined, that due to stem ex-
posure was always applied. This is given by the formula: correction
= K.d(S + Tj + Tg - t). (See B.S. Circular No. 8) where K = factor
for relative expansion of glass and mercury; S = setting of ther-
mometer; T-j and Tg = initial and final readings; d = Tg - T^^ and t =
mean temperature of emergent stem.
The freezing point apparatus (See Fig. 1) employed in
measurements near and below zero consisted of a De7/ar tube contained
in a cylindrical copper vessel which was placed inside of a much
larger galvanized iron vessel. The latter was surrounded by felt
and asbestos paper to lessen radiation. The inner metal container
was completely surrounded by a mixture of cracked ice and water, and
was made water tight by a metal top which could be securely fas-
tened into position. The thermometer, stirring rod, and sampling
tube entered the Dewar through short metal tubes screwed into the
top.
Two types of stirring rods were employed. One, for hand
stirring, was a glass rod with a loop at one end. The other was de-
signed for a mechanical agitation of the liquid, and consisted of a
heavy glass rod flattened and twisted into a spiral at one end,
while a small wooden pulley was mounted on the other end. A small
motor was used to drive the stirrer.
Two different sampling tubes were used in the solubility
determinations. The one consisted of a small alundum filtering tube
sealed into a properly shaped hard glass tube (See Fig. 2). The
other was an ordinary glass tube constricted at one end to prevent
the filtering medium, a cotton plug, from being drawn up into the
tube. (See Fig. 3)
Ii
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The solutions were drawn through the filter and into a
flask by the aid of a auction pump. The first portion drawn over
was discarded in every determination. The final sample was drawn
into a weighed flask. It was found necessary to dilute the samples,
even at the lowest concentrations, to bring them within the range
of the interferometer. The original concentration was calculated
from the weight of the sample, that of the diluted solution, and the
composition of the latter as determined by the interferometer.
A very complete description of the Zeiss Water Interfer-
ometer and its use in chemical analysis is given by L. H. Adams in
the J. Am. Chem. Soc, May, J 9X5. He investigated the sensitiveness
of the instrument for aqueous solutions of mannite and found that
2.4 parts per million could be detected when the longest solution
chamber (40 m.m, ) was employed. Two methods for the use of the inteijj-
ferometer are recommended in the article. In the one, a solution is
compared with two others of nearly the same concentration, one of
which is of slightly higher and the other of slightly lower concen-
tration. This method presupposes an approximate knowledge of the
composition. In the other method, the instrument is made "direct
reading" by determining the readings on the interferometer scale for
solutions of known concentrations and constructing a calibration
curve. The former method is not well adapted to analysis of mannite
solutions, especially where a large number of samples of varying
composition are to be investigated, since the preparation of the ref-
erence solutions would be very laborious, and, furthermore, mannite
solutions are known to change on standing. The latter method was
employed in this investigation.
The method of using the interferometer was as follows:
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Both chambers were filled with pure water and allowed to assume the
temperature of the water circulating about them. This temperature
was maintained at 25° by means of a small centrifugal pump in a
thermostat. The "zero" reading of the instrument was then observed.
If this did not correspond to the zero of the scale, proper correc-
tions were made on the final reading. To analyze a solution the
water was removed from one chamber by means of a rubber tipped
pipette, and rinsed three times with the solution to be analyaed.
Sufficient time was allowed for the solution to assume the tempera-
ture of the surrounding water and the final reading taken. In pre-
paring or diluting solutions, water from the same source as that for
"zero" readings was employed.
The instrument is graduated in 3000 divisions. A calibra-
tion curve for the range 650 to 2800 was constructed by plotting
concentration divided by the reading (c/r) against the reading r.
The data employed in constructing this curve are given below:
Grams of mannite Interferometer
(weighed in air) Reading at
in JOOO grams water 25^0
10.023 6.63
24.387 L6.3J
33.652 22.95
39.902 27.97
It was found necessary to use the shortest solution chamber (5 qj.m,
)
to bring the solutions within the range of the instrument. The maxi-
mum concentration measurable in this cell was 0.25N. The sensitivity
of the interferometer is obviously reduced by decreasing the length
of the solution chamber. It was therefore, under the conditions
employed, lower than 2.4 parts per million.
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Most of the solutions in the solubility determinations were
diluted to approximately the same concentration. The freezing point
lowering of aqueous solutions was first determined. To obtain the
zero reading of the Beckmann, the latter was introduced into a mix-
ture of pure water and finely cracked ice contained in a Dewar tube
in the apparatus already described. The mixture was well stirred
and the constant temperature observed. A portion of the water v/as
then removed and replaced by a saturated solution of mannite, cooled
to zero, in such quantity that a depression of about -0.5° was ob-
tained. When the temperature became constant, a sample was with-
drawn through the alundum filter. It was then properly diluted and
analysed.
To determine the eutectic temperature, most of the solution
in the Dewar was removed and a cooled saturated solution with a
large excess of mannite crystals introduced. The mixture was well
stirred but a constant reading was not obtained for several hours.
The composition of the final solution was then determined.
E. H. Loomis (Z. Physik. Chem. 32, 599 (1900)) determined
the freezing point lowering of mannite solutions but his lowest ob-
served temperature was 0,969°.
In the following table are given the data obtained, as well
as those by Loomis for corresponding temperatures as determined from
a plot of his data:
Temperature Grams mannite Grams Mannite
per 100 grams water per J 00 grams water
(Loomis
)
-0.505 4.79 4.98
-0.509 4.83 5.03
-1.018) 9.77 JO. 03
)euteotic
-1.019) 9.79
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To determine the solubility at a temperature slightly above
zero, the same apparatus was used as for the freezing point deter-
minations. A solution saturated at room temperature was cooled in
the open to about 4° and then introduced into the Dewar tube, to-
gether with a large excess of crystals. The solution was mechani-
cally stirred for about two hours with an accompanying fall in tem-
perature. A constant temperature was finally attained and the solu-
tion analyzed.
In determining the solubility at and near 250C, four differ
ent procedures were followed.
I. Water at 35-40o was saturated with mannite and the re-
sulting solution allowed to approach room temperature. The solu-
tion was well stirred and finally sampled when the temperature be-
came constant.
2 Water at 25® was added to a large excess of crystals and
frequently stirred for several hours.
3 Water was added to a large quantity of crystals in a bot-
tle and the solution agitated in a thermostat at 25° for 24 hours.
4 Same conditions as in (3) except that the solution was
initially saturated at 40®,
The results of the experiment are:
Procedure Temperature Grams Mannite
per iOO grams water
^ 24.9 21.30
25.0(interpolated) 21.39
2 25.2 J8.49
5 25.0 2J.36
4 25.0 2J.44
It is quite evident that procedure (2) can not be employed.
Methods (3) and (4) are known to give the best results but require
a long time. Procedure (3) may be employed since it yields results
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similar to those of the standard methods. It possesses the advan-
tage of requiring "but a short time for a determination.
The procedure in all solubility determinations between 50
and 90° were essentially the same. The solution was saturated at a
temperature about lO^^ higher than that at which the determination
was to be made, cooled to approximately 3° above the desired tem-
perature, and then poured into a Dewar tube. The latter was sur-
rounded by an oil bath heated electrically and maintained at a tem-
perature about 1° higher than the mixture in the Dewar. The mixture
was thoroughly agitated by a mechanical stirrer. It was found im-
possible to use the alundum filter for solutions above 50®. At the
higher temperatures the liquid becomes quite dense, and the suction
necessary to draw the solution throu'^h the alundum causes vapori-
zation to occur within the sampling tube. Therefore, cotton was
used to filter these solutions. Crystals did not pass through the
cotton since the solution rising in the withdrawal tube did not
quickly crystallyze when exposed to the much lower temperature in thi
upper parts of the tube, as would have been the result if crystals
had been present.
The passage of the solution even through the cotton was so
slow that a very slow suction had to be continuously applied to pre-
vent vaporization of the liquid as it emerged from the cotton. This
made the operation of obtaining a sample an extremely slow one. To
prevent crystallization of the liquid in the tube during the process
of sampling, the upper part of the withdrawal tube was heated by a
current passed through fine wire wrapped around the glass. Even
with this precaution, solidification occurred in several instances.
The principal difficulty was caused by the solidification of the
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solution at the end of the delivery tube when the receiving flasks
were changed. This was partially overcome by rapid manipulation.
In the determinations between 90 and JOO® it was usually
found impossible to draw the solutions into the flask in spite of
all precautions, since the solutions were very concentrated and con-
sequently highly sensitive to temperature change. A column of
liquid about 15 cm. in length usually was obtained in the tube be-
fore solidification occurred. The tube was then removed and cooled
to completely solidify the contents. The middle portion of the tube
was cut off, the contents dissolved in warm water, and the final so-
lution analyzed in the usual manner. The weight of the sample was
determined from the difference in weight of the glass tubing before
and after removing the contents.
It was the original intention to determine the solubility a-
J 25 and 150° but it was found to be impossible to obtain a mixture
at those temperatures which could be sampled. In attempting to ob-
tain the solubility at 125<^, mannite was added to a boiling solution
but the highest temperature reached at which the solution possessed
even a medium degree of fluidity was about 110°. At this tempera-
ture water vapor was given off rapidly, resulting in the precipi-
tation of mannite. Solidification then occurred quickly. In an en-
deavor to obtain a solution at J 50°, mannite crystals were melted
and boiling water gradually added. Most of the water immediately
vaporized. The addition of water caused a cooling of the liquid
mannite and solidification of the entire mass resulted. Therefore,
to investigate the composition of solutions at these temperatures
pressure apparatus would be necessary.
The results of the solubility determinations are given in
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the table below.
Temperature
in
Grams mannite
J 00 grams water
Reciprocal of
Absolute temp.
X 10""^
Logarithm oi
mol. fraotione
-1.0130c 9.78 3.6750 -2.0J792
2.36 1 J .71 3.6302 -1.94102
25.00 21 .40 3.3545 -1 .63325
50.7 48.40 3.0881 -1 .34000
51 .5 49.25 3.0807 -1.33285
53.6 53.51 3.0607 -1.29844
67.4 77.47 2.9371 -1 . 14747
70.5 82.75 2.9107 -1. 12093
85.9 126.03 2.7853 -0.95490
88.2 134. 2 J 2.7680 -0.93091
93.8 J 84. J 2 2.7258 -0.81211
97.0 139.29 2.7018 -0.80195
99.7 J 96. 10 2.6824 -0.78912
The solubility curve from these data was constructed by plotting
the reciprocal of the absolute temperatures as ordinates and the lo-
garithm of the mol fractions as abscissas. This curve is shown on
the following page. The nature of the solubility curve indicates
that mannite does not form hydrates in aqueous solutions. The
abrupt change in the upper part of the curve is either due to error
in measurement or an abnormal condition which needs further investi-
gation. To complete the solubility curve for normal pressure, a
determination of the composition of a boiling saturated solution is
necessary.
The absence of hydration at the euteotic temperature was
shown by calculation from the equations: (See Washburn's Physical
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Chem. p. 153 and 173).
(J) Xj = 0.009690( - 0.00425 tf)
(2) X = - WNi logo . ^VNj + N,
Substituting the value 1.018 for tf. in equation (J), Xj was ob-
tained. X = l-Xj Substituting in (2) the value of X^and Nj the
grams of mannite in J 000 grams of water as determined by analysis,
the number of molecules of water W, combined with one molecule of
mannite, was calculated. W was found to be 0.005.
SUilMARY
The following physical properties of mannite and its aque-
ous solutions have been measured.
1 The melting point of pure mannite.
2 Its specif io rotation in aqueous solutions.
3 The freezing point solubility diagram between and ^00°.
4 A summary of all persons' work upon the subject has been
given.
This work was undertaken at the suggestion of Professor E.
W. Washburn and conducted under his direction. The writer wishes to
thank Professor Washburn for the many valuable suggestions and for
the kindly interest shown throughout the course of this investi-
gation.
II
I
I




